Interactive Television (iTV) services that currently exist may be subject to a set of improvements in order to become more efficient and meet the needs of visually impaired users (VIU). The current television distribution infrastructures, since supplemented with a return channel and appropriated Set-Top Boxes (STB), open an interesting opportunity for the creation of an iTV service that integrates advanced features and can be automatically adjusted to the preferences of users with visual impairment. In this context, this paper proposes an adapted iTV service for visually impaired users complemented by an automatic user identification system. With this complementarity, the service can be dynamically adjusted to the preferences of the user that is in fact watching TV, automatically invoking the options previously selected in the respective settings.
INTRODUCTION
For most viewers, the use of iTV services is not shown as a problematic activity. However, for people with special needs, such as people with visual impairment, this task becomes complex, hindering or even preventing the use of such services. Portugal is not an exception in this context, where there is a significant number of users with visual impairment who do not fully benefit from the potential of the current television paradigm. Starting from a universal design approach, the design and development of iTV services that offer adapted features and also meet the needs of users with visual impairment emerges as a solution for this problem. An example of these features is the users' automatic identification and it will be explored in this article. The users' automatic identification, applied to an iTV service of this type, proves to be a useful solution to the extent that the user only needs to set up his profile once in order to the system automatically recognizes his preferences. The user identification is applied in most of the personalized information and communication systems, generally with a username and password input. However, this mechanism when applied to iTV systems does not seem to be the proper one. In this context, other non-invasive identification methods and technologies come to surface and are important to consider: i) a RFID card and the respective portable reader; ii) a bracelet or any other adornment with an active wireless marker; iii) facial recognition; iv) facial recognition controlled by the user; v) voice recognition; and vi) a fingerprint reader in the remote control (see section '3.1. Identification Methods'). To ensure a correct experience of an iTV service by the audience, the identification method that is more adequate is dependent on the psychomotor and cognitive characteristics of each user, such as: i) visual acuity; ii) vocal capacity; iii) mobility; iv) digital literacy; v) fine motor skills; vi) hearing acuity; and vii) memory (see section '3.2. Psychomotor Characteristics'). In an effort to favor the decision process for the choice of the identification method most adequate to each user, the crossing of its skills with each identification method becomes necessary. Thus, the use of a decision matrix that has, in its columns, the definition parameters of user profiles and, in its rows, the several identification technologies, comes as an efficient procedure to understand the representability of each identification method.
In this context, the article proposes the development of an iTV service adapted to visually impaired users complemented, among other features, by an automatic identification system, with its choice being supported by a decision matrix that defines the user profile, based on a set of physical and cognitive parameters.
ITV ACCESSIBILITY
In a usage scenario of an iTV system, the users with visual impairment have difficulties in taking the best benefit of the television content, when these are not audio-described and of eventual interactive services, since these solutions involve a strong visual component (it is mandatory to read the instructions on the screen and to select the options with the remote control), revealing great interaction difficulties.
Additionally and considering that interactive television services may contribute to the improvement of life quality of users with special needs, this technological change presents itself as a relevant context for the application of accessibility, usability and interaction design principles in its development and optimization, as is the case of audio description.
Accessible Solutions to VIU
In this part, some examples of adapted TV services target to visually impaired users are covered, namely various solutions existent in the United Kingdom market (where there is a strong investment in this area) and also in Portugal and Spain are described below.
 Sky Audio Description
The British satellite broadcasting company 'Sky' provides an audio description service for its users [21] . The subscribers of this solution can access the list of all programs with audio description for the next 7 days on the 'Sky' website or, alternatively, they can contact the company by postal mail or e-mail to require that list.
In order to know when a program has audio description, users need to activate the 'Audio Narrative Beep' option. This option triggers a warning sound when a program with audio description starts, enabling visually impaired customers to clearly identify when an audio description track is available on the TV program. 'Sky' customers can also set up the audio description option permanently or temporarily, however to perform this action, users need to go through multiple screens and select various options. Additionally, these steps are different from STB to STB.  Smart Talks
The 'Smart Talks' is a STB that announces all on-screen information, including program guides and menus, using speech synthesis [18] . It was designed and developed in conjunction with The Royal National Institute of Blind People (RNIB) Lab to provide full access to Freeview (a British company that provides free-to-air digital TV channels) to blind and partially sighted people. Users with this STB can know that a TV program with audio description is being broadcasted when the word 'AD' is displayed over the program information window. In addition, users can listen to the information about the program they are watching by pressing the 'info' button on the remote control. Another way to access the information of a particular program is through the program information window, pressing the 'info' button on the desired channel. The audio description function is not 'on' by default; hence, to set up this option users have to press the AD button on the remote control [19] . Besides this option, users can also access to preferences related to the activation of audio description ( Figure 1 ). The 'Sky Talker' STB [23] is dedicated to the satellite TV broadcast and, similarly to the 'Smart Talks', it processes the automatic reading of the textual information that appears on the screen. The 'Sky Talker' narrates the search area, the programs synopsis and the TV content control functionalities (play, pause, forward and rewind). The new device is compatible with the existing boxes, enabling customers not have to use a new interface.  RTP 1 Audio description Service
In Portugal, to have access to the RTP 1 audio description service, it was necessary to tune the Medium Wave of Antena 1 (a public Portuguese radio station). In practical terms, the underlying model to this technique consists in the use of a radio frequency that supports the audio description broadcast. Thus, the program is broadcasted normally through television and the scene and image description is broadcasted, simultaneously, through the radio. Nowadays, viewers with visual impairment can follow television series broadcasted by RTP1 with audio description once a week, sometimes in a discontinued way, through the Medium Wave of Antena 1 and, recently, through the Digital Terrestrial Television (DTT), in an experimental configuration [16] . The adopted DTT model implies the activation of a secondary audio channel, where audio description is available. Figure 2 presents the symbol used is in the upper right corner of the TV screen when a program with audio description is broadcasted. In December of 2004, an audio description service was launched in Portugal by TVCabo (named NOS nowadays), in partnership with the Lusomundo channels (named TVCine nowadays) [15] . This was the first service adapted with special needs, broadcasted by a digital television operator in Portugal. The audio description process of TVCabo consisted on an additional narration to the soundtrack of the audiovisual program sent by a secondary audio channel that had to be activated. To access this service, the TVCabo clients had to click on the green button of remote control and press "OK" in the audio description option. To return to the program without audio description, the user had to choose the "no audio description" option on the screen and press "OK". As no additional information or beeper was provided, the interaction with this service by VIU was problematical.  Audio Zapping
In Portugal, since the end of 2013, the IPTV commercial solution of MEO offers, without any additional costs for the user, the 'Audio Zapping' service. This accessibility feature aimed to help visually impaired viewers to control the content on TV through "helping sounds" of each action performed on the remote control. This service was developed with the help of PT Innovation and Systems Company and PT Foundation and also with the contribution of the Blind and Partially Sighted Association of Portugal (ACAPO) [14] .With this service, viewers with visual impairment can easily use the MEO service through sound indications about the channel the user is in, the channel change, volume alterations and the recording of any program that is being watched. To use the "Audio Zapping" service, the client has to previously install the feature by going to the "Configuration" area of the MEO service menu, select the option "Services" and choose the item "Audio Zapping" ( Figure  3 ). When the feature is already installed, it can be activated through the "Teletext" button (second button, from the left to the right, of the bottom left corner of the MEO remote control). To deactivate it, it is necessary to press the same button again.
Figure 3. Configuration screen of the "Audio Zapping" service
With this functionality activated, only the 'P+', 'P-', 'V+', 'V-' and 'Record' buttons of the MEO remote control are activated, controlling the corresponding actions. By selecting other button of the control the following sentence will be heard "To access this functionality the Audio Zapping service should be deactivated".
-'P+' and 'P-' buttons allow channel zapping, giving audio feedback of the channel name and position;
-'V+' and 'V-' buttons execute de volume control as wished, giving audio feedback;
-The 'Record' button executes the recording operation of the broadcasting program, on the tuned channel, giving audio feedback.
The 'Audio Zapping' functionality is not compatible with the channel line-up of MEO, so, for the functionality to work as intended, channels should be lined-up according to the original channel grid. When users have difficulties, they can call the MEO attendance, available through the number 16200, and request the functionality installment.
 IDTVOS
The STB 'IDTVOS' [7] was designed and developed in Spain and was conceived taking into account the needs of visually impaired users; however it has not yet been launched. All the equipment can be controlled by voice and in its system are included features that control color contrast and font size, enabling the modification of the appearance of menus and Electronic Programming Guide (EPG). The device is available in two versions (SD and HD) and both have recording functions and conditional access services. Furthermore, through the HD equipment the user can access audio description and has access to a virtual remote control (via Internet) that can help users with physical disabilities.
Oriented Design Principles
During the creation of products that will be used by all kinds of users, including users with special needs, the concept of Universal Design should be followed. When it is not possible to follow this rule, another viable option is to offer alternative interfaces that allow the use of assistive technologies to solve problems between the user with special needs and the original interface.
Generally, the screens used on the iTV services are based on HTML, as is the case of web browsers. Actually, we cannot presume that viewers will be familiar with computer use so, iTV service designers should understand that a TV is not a computer and, therefore, cannot be treated like one. Thus, designers should have into account important issues, such as the fact that generally TV screens have lower resolutions than computer screens and TVs have limited means of control and entrance, in this case the remote control. A low resolution screen can make the task of color, shape, graphic information or moving information differentiation harder. In a way to compensate these difficulties, the readability of the elements on screen should be as clear as possible. These and other concerns should headline the necessity to identify the appropriate oriented design principles (ODP) to the development of an adapted iTV system to VIU. These ODP need to be structured in six fundamental areas: audio description, audio feedback, text, color, interaction help and automatic identification [5] Interactive television services are based on rich interfaces with a strong visual component and because of that fact they are complex to use especially for users with visual impairment. Thus, the audio feedback is essential to guide and lead the user in the interface system, which must be present in menus, options and help messages.
 Text
The text size, shape and layout on television screen are important elements to take into consideration, especially when users have low vision. Accordingly, the minimum size of the text cannot have less than 24 rows (about 14/16 points); the font should be sans-serif and should not contain any inherent style (italic or underlined); and the distance between characters and lines should contain a balanced proportion, neither too close nor separate.
 Color
As text, color is a very important component for users with low vision impairment. The colors choice and the different colors combination, such as the background color and text color are issues to take into consideration in order to obtain a sufficient contrast for text reading and a differentiation of the elements present in the screen. Excessive brightness and saturation of large areas should also be avoided.
 Interaction Help
Providing some help in the system interaction is not only important for users with special needs, it is essential for any user, regardless their characteristics. If the user has access to help he can make use of resources that will help him when he feels disoriented or even when he makes a mistake. Thus, the use of warnings and error messages should be implemented in order to avoid mistakes or when an error occurs. Additionally, the user should permanently have access to help in order to guide him and also be aware of available actions.


Automatic identification
Concerning the automatic identification, being possible to automatically customize the system interface with the available options (text size, color scheme, etc.), the service can look less complex and more accessible to the user. The identification method will have to be accordingly adjusted to the user's specific needs (see section '3.2. Psychomotor Characteristics'). However, one possible way to automatically customize the interface is through a personal card reader, avoiding the necessity to introduce alphanumeric characters in the login validation (a complex task, not only because the users are visually impaired, but also considering the necessity to use a remote control and/or an emulated keyboard on screen). The terminal that allows the card reading should include a screen for text presentation and this text should be vocalized. The cards should be haptically differentiated and the zone where the identification mechanism is should also be marked with some kind of embossment.
Automatic Identification
Blind users prefer that the interaction with the iTV services is accompanied by hearing assistance, however these available systems are few and expensive [25] . Some researches about the use of iTV by people with low vision indicate that this user group is very heterogeneous in pathology terms, so it is difficult to optimize a single interface design that meets the requirements of this kind of users [25] . The interface customization options make the system inevitably more accessible and with the capacity to answer to the difficulties of a wide user spectrum with low vision. In this way, the interface customization could, for example, allow users to control the text size, the content layout, the audio feedback volume, the color scheme, the subtitle size, the options associated with audio description, among others, as well as automatic identification. The users' automatic identification, applied to an iTV service of this kind, is a useful solution in the way that the user just needs to configure his profile only once in order to the system automatically recognizes the options associated to him.
Identification Methods
Interactive television services are, many times, conceptualized to be used by a determined viewer profile. Based on the profile characteristics it is possible to provide customized content services. The user identification to potentiate this kind of services can be done in different ways: i) explicit, in which users, explicitly, provide their identification data, with the possibility of asking them who's watching TV or if someone has left the room -this way degrades the user experience, because there is an interruption of the content viewing; and ii) implicit, in which the user is identified without explicitly providing information to the service -a noninvasive way.
The information to guarantee non-invasive identification can be inferred, for example, based on various interactions from the user (chosen channel, viewing time, preferential volume, etc.) or based on the knowledge of something that the user has, for example an active RFID tag. There are developed works around the detection and identification of users in iTV services. Following, some of those works are presented.
Austria TeleKom, in partnership with the company Ruwido, offers a remote control for televisions with identification through fingerprinting [1] (Figure 4 ). These systems, due its characteristics (biometric data gathering), have a higher hit percentage in the identification when compared to others, for example, the reading of an identification card.
Figure 4. Remote control with fingerprint reader
Besides the use of fingerprints, there are other approaches to the user identification, such as using image processing to detect and recognize faces [8] . This type of solution does not oblige the user to insert data, so it maximizes the ease of interaction. However, this type of systems may induce in the users a sense of privacy loss since the cameras associated with the TVs may be capturing what is going on in the living rooms, bedrooms and other rooms of a household. In addition to the previously mentioned papers, Chang et al. [4] developed an identification platform that uses accelerometers placed in remote controls to perceive who is using the remote and, consequently, in front of the TV. As other methods, this technique implies a primary setup that allows the system to register a determined pattern of handling correspondent to a certain user. Another type of technologies used to identify users is based on RFID sensors. For example, Jabbar et al. [9] present a RFID application to identify and authenticate the viewers, allowing them to access interactive and customized services from an IPTV infrastructure. There are even other papers as the one from Philipose et al. [12] that refer the use of a bracelet with RFID identifiers to understand which objects users interact with and infer events from their experiences, offering, consequently, more customized iTV services. There are, also, systems capable of inferring who is the viewer in front of the TV through the recognition of their interaction (chosen channels, volume, image settings, time watched). With the help of monitoring engines that gather information about the choices, these systems then process the gathered information and are able to design and identify a user's profile. These profiles are afterwards used to provide contents contextualized by preferences. An example of these systems is documented by Zimmerman et al. [29] . The identification can even be done through Bluetooth devices [2] . This identification scheme is patented and can be used to identify iTV systems viewers. In order to work, the user has to carry a Bluetooth identifier and the iTV system must be capable to recognize the identifier and, consequently, load a user profile. Park et al. [11] documented a system that, using a series of mobile communications and a smart cards reader [20] , identifies users of an IPTV platform. In this way, the system could store the user's preferences such as volume level, image color or brightness in a smart card with storage capabilities.
Other of the identification techniques is voice recognition which plays, nowadays, a very important part in various components of our daily life. Mobile phones, car navigation systems, computers or gaming consoles are just some of the examples that use this technology. The connection of this type of components to the interactive television systems is another hypothesis for user identification.
In the business context, there are, as well, solutions for the identification of users in television services. An example of those solutions is a Toshiba's system that can identify and recognize faces and, therefore, users [3] . The television, through an embedded camera, can identify up to four users per house, allowing these to build a profile with customizations at the Electronic Program Guide or viewing settings levels, among others. Samsung, on its ES8000 model, also has a facial recognition system for access to the user's profile, with specific applications and settings ( Figure 5 ).
Figure 5. Samsung's ES8000 TV with facial recognition
Psychomotor characteristics
In order to assure a suitable iTV user experience to viewers, the most adequate identification method is dependent of the user's psychomotor and cognitive characteristics. The user's profile will be, therefore, defined through variables/parameters connected to these characteristics. Silva and Abreu [21] verified that the physical, cognitive and social characteristics influence the way users perceive the qualities of each one of the identification technologies. Assuming this fact, the authors defined a set of parameters allowing the characterization of the users' profiles. The definition of profiles used in this work is intimately related to the ICF classification [28] , because it is validated by the World Health Organization and allows the qualification of individual's multiple components and, additionally, because it is widely accepted in the scientific community. Therefore, the following characteristics were defined as users' characterization parameters and, consequently, parameters for the matrix: i) visual acuity; ii) voice ability; iii) mobility; iv) digital literacy; v) fine motor skills; vi) hearing acuity; vii) memory. In this way, it is possible to characterize the user's profile measuring the capabilities of each person in these parameters. In the actual case of Silva and Abreu work [21] the following measures were used: i) the Jaeger Eye Chart (JEC) to measure visual acuity; ii) the whisper test to measure hearing acuity; iii) the "timed Up & GO" [13] to measure mobility; iv) the Nine Hole Peg Test to measure fine motor skills; v) the European Commission Report [25] to measure digital literacy; and vi) direct observation to measure memory and voice ability. After this characterization, the authors tried to realize how to associate the most adequate Viewer Identification System (VIS) to each user. For that purpose, a methodology was designed to fill the referred decision matrix, which will allow, for a determined set of values that characterize the user, the identification of the most suitable VIS for that user (see the next section '3.3. Decision Matrix'). The conceived matrix was composed by: i) the development of an highfidelity prototype based on the Wizard of Oz concept [6] that allowed the testing of the identification technologies under study; and ii) a set of interviews/tests conducted at the users' homes to evaluate their preferences relatively to the identification technology.
Decision Matrix
Considering all the parameters (visual acuity, voce ability, etc.) and the metrics defined for each of them, Silva and Abreu [21] developed a matrix that, after being filled out, would be used for the decision making process, for example by TV operators, caregivers or family members, of the most adequate VIS for a certain type of user.
Thus, the matrix has in its columns the users' profile definition parameters and, in its rows, the various technologies that can be used for the VIS. The cells have the representability of each one of the identification technologies for a determined performance, in the parameter of the corresponding column. To fill the matrix it is necessary to, at the time of the interviews/tests, evaluate each participant in the various aspects considered to characterize the user's profile, in order to perceive to which one of them the user belongs. In other words, it is necessary to, in the moment the user tests the prototype, evaluate as well his/her functional capabilities, for example the mobility. Figure 6 represents the developed matrix.
It is worth to say that the data contained in this representation are only illustrative. To understand the representation of the matrix, it matters as well to clarify some details of its construction. Therefore, the performance in each one of the measured characteristics is represented on a scale of three colors: i) a low performance is represented by the color purple; ii) an average performance is represented by the color yellow; iii) and a good performance by the color green. To facilitate matrix interpretation, let us take as example the case of the digital literacy parameter (based on Figure  6 , supposing that it represents a fully filled matrix): for individuals with a high digital literacy, 70% of them prefer the VIS based on fingerprint reader; 10% prefer the system based on voice recognition; 10% prefer facial recognition; and 10% prefer the identification by RFID cards.
Figure 6. Decision Matrix
To understand this interpretation it is necessary to verify that in Figure 6 there are four green circles, associated to the high digital literacy parameter, in which the values mention before are represented.
AN ADAPTED ITV SERVICE WITH AUTOMATIC IDENTIFICATION
This section presents the development process of the 'meo ad+' adapted iTV service [10] . The fundamental characteristics of the 'meo ad+' iTV service unfold in three dimensions: i) eased and assisted access to menus, options and features of the prototype; ii) availability of a set of features specifically adjusted to the visually impaired users' needs; and iii) access to TV contents adapted to this specific audience.
In what concerns the development of mechanisms for eased and assisted access to menus, options and features, it was intended to develop solutions that met, concomitantly, the principles of interface design for interactive television and the target audience specifications (see section '2.2. Oriented Design Principles'). These features are mainly the sound feedback/reading of the most possible amount of content and the permanent user support through a helping scheme present in the service actions.
Regarding the features specially adjusted to VIU, the prototyped service (based on design principles for accessible interfaces), offers the possibility to have audio description and its respective customization, text size adjustment, contrast modification of menus, etc.
Considering that VIU do not have, typically, ease of access to great part of the currently broadcasted TV contents, with the 'meo ad+' service it was intended to develop and propose mechanisms that allowed the optimization of the access to these contents through the proposal of audio description and automatic reading subtitles solutions. The latter solution was not implemented, it was only suggested.
From this background, it was possible to identify and determine the functional requirements of the 'meo ad+' iTV service. These requirements reflect the three dimensions identified earlier and are structured in six essential areas, described below.
The user must have access to audio descriptions of audiovisual narratives -movies, series, etc. (previously delivered by the TV provider), synchronized with the television content. This requirement is depicted in Figure 7 .  Audio Description Customization
The user must be able to choose the narrator's voice (e.g.: female or male voice) and the language (among those available in the TV program) as well as to control the volume of audio description. It is worth to say that despite AD is hardly customizable; this can be achieved, for example, by providing various AD with different voices, languages or volumes).
The system must be able to identify and filter programs with audio description on the EPG. As a result, the system must grant the user the possibility to choose what he wants to see from a list that includes all his favorite channels and programs.  Visual Adaptability/Accessibility
The system must give the user the choice to perform image and font-size magnification of its menus and television content. In addition, it is important to have the option to adjust brightness and contrast of the menus. This requirement is depicted in Figure 7 . The system audio feedback must be triggered when the user accesses the menu options or when he selects any menu item. It is also valuable to have audio feedback when a program with audio description starts or when a regular program of interest to user is going to start. In addition, it is important that contextual help option be always present and accessed by a hotkey, providing audio information about where the user is, what he can do and how he can leave the menu/screen.  User Automatic Identification
The system must be able to identify the user automatically. Consequently, when the user is identified, his preferences must be loaded and the system must be adjusted to them. The work of Silva and Abreu [21] is a valid solution for the identification of the method most adequate to VIU.
The developed prototype runs on top of 'MEO', a Portuguese IPTV commercial infrastructure, through the 'Microsoft Mediaroom' middleware (in the meantime acquired by Ericsson), which is based on the 'Microsoft Mediaroom Presentation' framework. The prototype was developed using the 'C#' programming language and was compiled in the 'Microsoft Visual Studio' software through the '.Net' framework. To have a first visual perception of the application, the 'Microsoft Mediaroom Simulator' was used. When it was pretended to visualize the final appearance of the application, it was access from a server through a STB IPTV.
FINAL COMMENTS
This research aims promoting the digital inclusion of TV consumers with a visual impairment through the use of an iTV service adapted to this kind of users and based on the automatic identification, in an IPTV context. In this way, it is intended that this service is in conformity with universal design principles and, consequently, that is meets the real difficulties felt by these users. Therefore, besides the provision of advanced features like the text size or the color scheme modification and the control of options associated to audio description, it is intended that the system identifies automatically the user that is using it, assuming the preferences that he/she selected in the service settings. In what concerns the identification process, it may be accomplished through various methods, as referred previously. The 'meo ad+' prototype [10] does not technically and programmatically integrate a solution for the users' automatic identification. However, as it was identified in the functional requirements, the proposed adapted iTV service is complemented by an automatic user identification system. With this feature, the service can be dynamically adjusted to the user's preferences who is watching television, invoking, automatically, the previously selected options in the system configurations. Once there are various ways to implement an identification service, it is important to define a more accessible method to users with a visual impairment. The work of Silva and Abreu [21] that materializes itself in a test prototype for the choice of the most suitable identification method and, as well, in a decision matrix, proves to be a valid solution for the selection of the most adequate method to VIU. The users' automatic identification applied to an iTV service of this type proves to be a useful solution, since the user needs to configure his/her profile only once in order the system automatically recognizes the options associated to the user. Therefore, each member of the family can create their profile as well, not modifying the preferences of the remaining members.
